Introduction
The prevalence of malnutrition in hospitalized patients has been reported as 20-60% depending on the screening instruments used for assessment. 1, 2 Furthermore, the importance of nutrition in hospitalized geriatric patients has been extensively documented. Malnutrition is more common in geriatric patients due to aging, comorbidities, cognitive impairment, polypharmacy, and economical difficulty. 3, 4 The presence of malnutrition in geriatric hospitalized patients is associated with increased risk of complications, prolonged hospital stays, readmission rate, increased mortality, and increased medical costs. 5 Therefore, early diagnosis of malnutrition or nutritional risk by evaluating the nutritional status of hospitalized geriatric patients is highly important.
Screening for malnutrition is the recommended first step in nutritional management. 6 Nutritional risk screening using validated tools is a simple technique to rapidly identify geriatric patients at nutritional risk, providing a basis for prompt and adequate nutritional support referrals, as well as an individualized nutritional intervention. Therefore, appropriate tools must be applied when assessing the risk of malnutrition in hospitalized geriatric patients. Within the last several decades, 33 different nutritional risk screening tools have been invented to detect malnutrition patients in worldwide hospitals, home care institutions, and community settings. 7 Although there are many widely used nutritional screening tools, well-known examples are Mini Nutritional Assessment (MNA) and Nutritional Risk Screening 2002 (NRS2002). The MNA was developed to certain subgroups, especially for elderly individuals before changes in weight or albumin occur. 8 Short-form of MNA (MNA-SF) was designed later to provide a simple and more practical screening tool given the original MNA was timeconsuming. 9 Another reason for the development of MNA-SF is the original MNA had low specificity, as well as subjects had difficulties in completing the full assessment without the help of a caregiver. MNA-SF has been validated as a screening tool and shown as high sensitivity (97%) and specificity compared to the MNA full test. The MNA-SF only incorporates 6 of the original 18 items that were on the MNA and takes approximately 5 mins to perform. NRS2002 was developed for hospitalized patients and recommended by the European Society for Clinical Nutrition and Metabolism. 10 NRS2002 was thought to be effective allowing for quicker identification, especially in case of acute illness; however, its initial design was not for use in the elderly population. The use of an inappropriate screening tool negatively influences patients care and risks misdiagnosis or missed diagnosis of nutrition-related problems.
There is a need for universal nutrition screening tools as a "gold standard" for use in hospitalized geriatric patients. 11 Since the different tools were used in different settings by different studies, it is very hard to compare between studies and conclude which tool is the "adequate tool" to screen the nutritional status of hospitalized elderly patients. To assess which tool performs the best, studies comparing NRS2002 and MNA-SF in the same population are very valuable and informative, since they are not biased by differences between populations, setting, or age. 7 The purpose of this study was to evaluate the performance of NRS2002 and MNA-SF, the main nutritional screening tools used nowadays, especially in predicting mortality in hospitalized geriatric patients in China.
Methods

Study Design
The study was a prospective longitudinal analysis in patients hospitalized in the Department of Geriatrics at Shanghai Jiaotong University Affiliated Sixth People's Hospital. A total of 536 consecutive patients between April 2017 and April 2018 were recruited in this study. The study inclusion criteria were being ≥65 years of age, not having received nutritional therapy at the time of assessment. The exclusion criteria were age <65 years, presence of ending carcinomatous cachexia (referent to the clinical history), inability to communicate. The study was approved by the Ethics Committee of the Shanghai Jiaotong University Affiliated Sixth People's Hospital (approval number, 2016-141-(1)). Written informed consent was obtained from all participants and adhered to the tenets of the Declaration of Helsinki.
Data Collection
Participants' demographic information, lifestyle variables, and personal disease history were collected using questionnaires and confirmed through examination of medical records. The variables included age, sex, history of diabetes, hypertension, cerebral infarction, chronic obstructive pulmonary disease, coronary heart disease, dementia, and neoplasms.
Anthropometric Measurements
Anthropometric parameters included height, weight, midarm circumference (MAC), waist circumference (WC), and calf circumference (CC). Height and weight were measured while the participants were barefoot and in light clothing using the height and weight scale to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. MAC was measured with a millimeter tape at the midpoint of the arm, between the olecranon and acromion. WC was measured at the middle point between the rib cage and iliac crests. CC was measured with the elderly individual in standing position, at the greatest circumference of the lower right leg, recorded in centimeters (cm), accurate to one decimal place. All measurements were performed in duplicate, and the means were calculated for analysis.
Nutritional Risk Assessment
NRS2002 was used to determine malnutrition and nutritional risk. Nutritional status was determined by three variables: recent weight loss, low food intake, and BMI during the week before admission. The diseases were analyzed as an indicator of metabolic stress and increased nutritional requirements. Both categories give 0 to 3 points. An adjustment factor was used in individuals aged ≥70 years. The total NRS2002 score indicates whether the patient is at nutritional risk or malnutrition (score ≥3) or normal nutritional status.
MNA-SF contains six questions selected from MNA. These questions include BMI, recent weight loss, appetite or eating problems, mobility impairment, acute illness/ psychological stress, and dementia or depression. Each question is rated from 0 to 2 or 3 and the total score of MNA-SF is 14. Patients with 12-14 points are at the normal nutritional status and patients with scores ≤11 are at nutritional risk/malnutrition. A multidisciplinary nutrition research team evaluated the nutritional status of each patient. All patients underwent nutritional status assessment in the first 24 h of hospital stay. Moreover, the research team members were not aware of the laboratory test results at the time of assessment.
Laboratory Measurements
Fasting blood samples were collected from each patient. Hemoglobin (Hb) level was measured using a standard cyanmethemoglobin method. Total lymphocyte count (TLC) was assayed automatically by a blood cell analyzer (Beckman Coulter LH750). Serum iron (Iron) levels were measured by performing a colorimetric endpoint assay with commercial kits from Roche China (Shanghai, China). Serum albumin (ALB), prealbumin (PAB), Retinol-binding protein (RBP), and creatinine (Cr) levels were assessed using turbidimetric immunoassay (Hitachi, Tokyo, Japan). Serum transferrin was detected by nephelometry on Behring BNⅡ automatic specific protein determination system and its supporting reagents (Siemens, Erlangen, Germany). Serum folic acid and vitamin B12 levels were measured using a chemiluminescent immunoassay. Serum C-reactive protein (CRP) was measured by particle-enhanced immunonephelometric assay (Dade Behring Inc., Newark, NJ, USA).
Handgrip Strength (HGS)
HGS was measured with the subject in the seated position, knee and hip flexion at 90 degrees, and two feet naturally placed on the ground; the shoulders remained adducted, the upper arm is flat with the chest, the forearm is neutral, and the elbow is bent to 90 degrees. The maximum HGS of the dominant hand (WCS-100 electronic vibrometer, China) was measured three times with 1 min of rest between each repetition. HGS has defined the maximum value of three repetitions.
Follow-Up for Adverse Outcomes
All the participants were followed in the geriatric outpatient clinic of Shanghai Jiaotong University Affiliated Sixth People's Hospital. The deadline for the follow-up was October 30, 2019. All deaths occurring between study entry and deadline were included. Due to the participants accepting healthcare at Shanghai Jiaotong University Affiliated Sixth People's Hospital, there were no missing follow-ups.
Statistical Analysis
For continuous variables, results were presented as mean ± standard deviation or median (25th percentile to 75th percentile), and the differences between groups were evaluated with the Student's t-test or Mann-Whitney U-test. Categorical variables were presented as frequency percentage, and intergroup comparisons were analyzed using the chi-square test. The association between NRS2002 and MNA-SF scores and other nutritional parameters were evaluated with Pearson or Spearman correlation analysis. The agreement between the two screening tools was compared using the kappa coefficient. The results were interpreted as follows: <0, no agreement; ≤0.20, poor agreement; 0.20-0.40, weak agreement; 0.40-0.60 moderate agreement; 0.61-0.80, substantial agreement; and 0.81 to 1.00, almost perfect agreement. Kaplan-Meier analysis with the Log rank test was used to compare the difference between the normal and malnutrition/nutritional risk groups according to the NRS2002 and MNA-SF. The results of the mortality were illustrated by survival curves. All variables with a P<0.05 in the univariate analysis were included in the multivariate Cox regression analyses. Multivariable Cox regression models with hazard ratios (HR) and 95% CI were conducted to examine the association of NRS2002 and MNA-SF with mortality. All statistical analyses were performed using SPSS 21.0 (SPSS Inc., Chicago, IL). A two-sided P-value <0.05 was considered statistically significant.
Results
Baseline Characteristics of the Patients with and Without Malnutrition/ Nutritional Risk
A total of 536 individuals met the eligibility criteria and completed a nutrition assessment within 24 h of admission. The average age was 86.84±4.23 years, including 406 men and 130 women. The most frequent cause of hospitalization was cardiac disease (n=168), followed by cerebrovascular disease (n=96), hypertension (n=91), pulmonary infection (n=90), diabetes (n=53), dementia (n=20), and cancer (n=18). Due to the comorbidity of geriatric patients, all the patients had several diseases when admission. We only ranked according to the first diagnosis.
At baseline, 284 (52.99%) patients were malnutrition/ malnutritional risk and 252 (47.01%) patients were wellnutritional according to MNA-SF assessment. According to NRS2002 assessment, 161 (30.04%) patients were malnutrition/nutritional risk and 375 (69.96%) patients were normal nutritional status. Patients who were classified as malnutrition/nutritional risk using either NRS2002 or MNA-SF had lower BMI, MAC, CC, HGS, ALB, PAB, Hb, RBP, Iron, transferrin, but higher age and CRP levels when compared to normal nutritional status (P<0.05). There was no significant difference between malnutrition/ nutritional risk and normal groups in TLC, Cr, folic acid, and vitamin B12 (P>0.05). Distribution of the basic characteristics at baseline between normal and malnutrition/ nutritional risk according to NRS2002 and MNA-SF were summarized in Table 1 .
Variables Associated with the NRS2002 and MNA-SF Scores Table 2 shows the Pearson or Spearman correlation coefficients of NRS2002 and MNA-SF scores with serum nutrition-related biomarkers and anthropometric parameters. Anthropometric parameters (MAC, WC, CC) and serum nutrition-related biomarkers (ALB, PAB, Hb, RBP, Cr, Transferrin, TLC) correlated positively with malnutrition scores of MNA-SF and correlated inversely with the scores of NRS2002 (P<0.05). It was found a significant negative correlation of MNA-SF scores with age and CRP (P<0.05). While NRS2002 scores with age and CRP have a positive correlation (P<0.05). The Agreement of NRS2002 and MNA-SF Assessment Table 3 shows the cross-classification of NRS2002 and MNA-SF with regards to two nutritional categories. It revealed that NRS2002 showed a moderately low consistency (kappa=0.493, P<0.001) with MNA-SF. MNA-SF identified more patients who were as malnutrition/nutritional risk than the NRS2002 assessment did (284 vs 161, respectively). The 131 patients who were classified as malnutrition/nutritional risk according to MNA-SF assessment were at low or no risk according to NRS2002 assessment. Only 8 participants considered by NRS2002 to be malnutrition/nutritional risk were classified as normal nutritional status using MNA-SF. We further analyzed the characteristic of 131 cases of disagreement and 153 cases of agreement patients according to NRS2002 and MNA-SF assessment. Only Hb and Iron levels were significantly different between the two groups (P>0.05). Furthermore, no difference in survival days between the two groups (P>0.05) ( Table 4 ).
Predictive Performance of the NRS2002 and MNA-SF Scores for Mortality
During a median follow-up time of 795 days (range 10-947 days), 118 (22%) participants died. The death rate in the malnutrition/nutritional risk group was higher than their counterparts according to NRS2002 assessment (33.54% vs 17.07%, P<0.001). There was a significant difference between malnutrition/nutritional risk group and normal patents in death according to MNA-SF assessment (31.33% vs 11.51%, P<0.001). The Kaplan-Meier curve demonstrated that malnutrition/nutritional risk patients according to NRS2002 assessment had a higher risk of death than the normal nutritional status patients (Log rank test, χ 2 =17.67, P<0.001). The difference of the survival curve between the malnutrition/nutritional risk and normal groups according to MNA-SF assessment was statistically significant (Log rank test, χ 2 =28.999, P<0.001) (Figure 1 ).
Cox Proportional Hazard Analysis for Mortality
A univariate Cox regression analysis indicated that age, MAC, CC, HGS, Hb, ALB, PAB, Cr, Iron, NRS2002 scores, and MNA-SF scores were significantly correlated with mortality ( Table 5 ). All significant factors in the univariate Cox analysis were entered into the multivariate regression analysis. From the components of the Cox regression multivariate models, only the NRS2002 score was an independent factor influencing the mortality of geriatric hospitalized patients. In the case of the other constant factors, the risk of mortality increased by 2.657fold when the NRS2002 score increased by 1 point (Table 5 ).
Discussion
In the present study, we compared the performance of NRS2002 and MNA-SF in 536 cases of hospitalized DovePress geriatric patients in China. Our data demonstrate that whether assessed by NRS2002 or MNA-SF all the patients with malnutrition/nutritional risk had lower serum nutritional biomarker and anthropometric parameters and higher levels of inflammatory markers. These nutritional surveys moderately agreed with one another, however, MNA-SF identified more patients at malnutrition/nutritional risk than NRS2002. The Kaplan-Meier curve demonstrated that malnutrition/nutritional risk patients according to NRS2002 or MNA-SF assessment had a higher risk of mortality than the normal nutrition patients. From the components of the Cox regression multivariate models, only the NRS2002 score was an independent factor influencing the mortality. Nutritional status is more likely to be addressed to healthy aging for its implications on functional status and ability. 12 The prevalence of nutritional risk in our population was 30.04% according to NRS2002 assessment, lower than other recently reported in the Chinese population. Zhou et al reported the prevalence of malnutrition classified by NRS2002 was 38% in 142 elderly patients admitted to surgery in northern China. 13 Another study from China enrolled 425 hospitalized patients aged more than 70 years old and reported a prevalence of malnutrition of 40.9% as classified by NRS2002. 14 The reason may be due to most of the participants in our study were not in an emergency, while NRS2002 assessment focused on the acute illness. On the other hand, the prevalence of malnutrition classified by MNA-SF of our study was in the middle of the aforementioned studies as our study was 52.99% prevalence while the other two studies were 45% and 58.6% respectively.
Laboratory-based parameters, such as ALB, Hb, and TLC may provide valuable information about patients' nutritional status, however they are mostly delayed and costly. 15, 16 ALB and other serum proteins synthesized by the liver, including transferrin, RBP, and PAB, have been widely used as nutritional released markers. 17 Besides, Hb and TLC are also proposed as useful indicators of nutritional status. Both tools showed a significant association with these traditional single nutritional indexes. But TLC was found not to have any relationship with MNA-SF or NRS2002 scores.
The assessment of micronutrients is as important as the assessment of macronutrients. For example, laboratory values may help to detect deficiencies in vitamin B12 and folic acid, particularly in chronically malnourished patients. 18 But in our study, neither NRS2002 nor MNA-SF assessment can reflect vitamin B12 and folic acid deficiency. Malnutrition diminishes muscle strength and power, which can be measured with HGS as it is closely correlated with nutritional status. There was a significant difference between the malnutrition/malnutritional risk and normal nutrition cohorts in HGS classified by NRS2002 or MNA-SF. Chronic low-grade inflammation has been pointed out as a key element for defining etiology-based types of malnutrition, as both nutritional assessments appear related to CRP, an indicator of systemic inflammation. 19 Our results revealed that only a moderate agreement was found between NRS2002 and MNA-SF, indicating that these nutritional assessments identify different at-risk groups. MNA-SF identified more patients at malnutritional risk or malnutrition than NRS2002. MNA-SF is the only nutrition screening tool specially designed for the elderly, but overestimation occurred when MNA-SF was used. [20] [21] [22] [23] [24] A nutritional screening tool with high sensitivity will allow further diagnosis and appropriate intervention of malnutrition, while a nutritional screening tool with high specificity will reduce the risk of overtreatment of malnutrition. The high sensitivity of MNA-SF may cause a high prevalence of nutrition support associated with its use. This could bring the question about the cost-effectiveness of "overtreatment". Except for over diagnosis, the need of caregiver's help to complete MNA-SF, especially for the questions on weight loss, and cognitive or disabilities evaluation, is a limitation in using MNA-SF. 25 Malnutrition is associated with a worsening of the prognosis of the underlying disease and increased the risk of mortality. Both NRS2002 and MNA-SF assessment could predict mortality well in our study. But NRS2002 appears to perform better than MNA-SF in predicting mortality when evaluated in the same model that includes other blood biochemical nutritional indicators. Blood biochemical indicators also were no longer significant predictors of mortality in the presence of NRS2002 together with MNA-SF in this model. There were two studies compared the predictive values of NRS2002 and MNA for mortality in elderly people. But the results were contradictory. Diekmann et al reported that the MNA had greater predictive power than the NRS2002 for survival with a follow-up period of up to one year in 200 nursinghome residents. 1 On the contrary, Holst et al studied a cohort of 233 hospitalized geriatric patients and found that neither NRS2002 nor MNA could predict 12-month mortality. 26 As to the comparison of MNA-SF and NRS2002, Donini et al reported that the MNA-SF had higher predictive value for mortality than the NRS2002, but this study was in a cohort of 246 institutionalized participants. 27 Another study from Brazil focused on 705 hospitalized geriatrics patients found that the abilities of the NRS2002 to predict complications, prolonged hospital stay, and death during stay at the hospital were better than MNA-SF. 28 Collectively, it appears that these studies has too small of a sample size and not a long enough followup period (at most 1 year), causing the contradictory results. The prognostic value of NRS2002 and MNA-SF for mortality in hospitalized geriatric patients still need more study to investigate.
This study had some strengths. This study included a large sample size over 500 subjects, which is more than previous investigations malnourishment in geriatric patients. Secondly, the longest follow-up period was 947 days, thus enhancing our analysis on effects of nourishment status on mortality for~2.5 years. Lastly, the current study used both NRS2002 and MNA-SF assessments, allowing for comparisons of the two assessments.
This study also had some limitations. Firstly, although the NRS2002 scores as an independent predictor can be established in our study, as an observational study, we were unable to establish the causality of the relationship between the NRS2002 scores and mortality. Secondly, the caring teams were not blinded to the nutritional screening results and may have altered their care plans based on assessment results, which might alter the mortality risk. Lastly, it was a single-center study of hospitalized patients in geriatric wards. All study participants were Chinese, so the study results may not be suitable for other ethnic groups.
Conclusion
Both NRS2002 and MNA-SF scores could predict mortality in Chinese hospitalized geriatric patients. But only NRS2002 score was the independent predictor for mortality. More studies are needed to investigate if similar findings also apply to other groups of hospitalized older patients.
